The contextual interference effect suggests that the random practice of multipletasks is more beneficial for the retention and transfer of the learning as compared to blocked practice. Therefore, the transfer of learning is usually attributed to the contextual interference effect and is studied in a multi-task setting.
Introduction
The interference of practice tasks during multi-task learning is explained in terms of contextual interference. Contextual interference is the improvement in skill learning because of the interference during practice (Magill & Hall, 1990) . The concept of contextual interference was first studied for motor skill acquisition in 1979 (Shea & Morgan, 1979) . High contextual interference, which occurs during random practice, is associated with increased retention and learning transfer whereas low contextual interference, which takes place during blocked practice, is associated with the performance during acquisition (Shea & Morgan, 1979) . The effects of contextual interference also hold for motor imagery tasks (Gabriele, Hall, & Lee, 1989) .
Contextual interference studies employ motor tasks to evaluate motor skill learning. Motor tasks can either be unimanual or bimanual. Bimanual motor tasks such as driving or typing on a keyboard are more complex than unimanual motor tasks and require a high level of coordination (Yeganeh Doost, Orban de Xivry, Bihin, & Vandermeeren, 2017) . In general, the coordinated inphase and anti-phase motion of both limbs is preferred in bimanual tasks (Swinnen, Dounskaia, Walter, & Serrien, 1997) . Non-iso frequencies (e.g. in the ratio of 1:2, 2:1 or 1:3) and polyrhythms (e.g. in the ratio of 3:2, 4:3 or 5:2) are difficult to perform (Peper, Beek, & van Wieringen, 1995) and often require feedback to be performed efficiently (Kovacs & Shea, 2011) . Most of the contextual interference studies that looked at the learning of bimanual patterns have yielded contradictory results and the beneficial effect of random practice on retention and transfer was either not observed or observed partly (Maslovat, Chua, Lee, & Franks, 2004; Rey, Liu, & Simpson, 1994; Tsutsui, Lee, & Hodges, 1998) . Studies have commonly employed continuous bimanual patterns, such as pattern making and tracking (Maslovat et al., 2004; Pauwels, Swinnen, & Beets, 2014; Tsutsui et al., 1998) , or sequential bimanual tasks, such as sequential key pressing (Rey et al., 1994) . To the best of our knowledge, the discrete bimanual tasks, such as finger tapping or button pressing, are not used in contextual interference studies.
Contextual interference can be affected by the knowledge of results (KR) or feedback (Del Rey & Shewokis, 1993; Patterson, Carter, & Hansen, 2013; Russell & Newell, 2007) , which is often ignored in the studies. KR plays an important role in the learning of motor skills but its effects on contextual interference are not well documented. Some studies have proposed that KR affects the retention and transfer of learning (Del Rey & Shewokis, 1993; Patterson et al., 2013; Russell & Newell, 2007) whereas (Wu et al., 2011) reported that KR effect is more likely to be overshadowed by the type of practice schedule.
Previous studies have established a reasonable understanding of contextual interference effect (Christina, 2017; Gabriele et al., 1989; Pauwels et al., 2014; Shea & Morgan, 1979 ) but a number of studies have reported contradictory results (Buszard, Reid, Krause, Kovalchik, & Farrow, 2017; Caramiaux, Bevilacqua, Wanderley, & Palmer, 2018; Moretto, Marcori, & Okazaki, 2018; Russell & Newell, 2007) . The contextual interference effect requires the practice of multiple variations of a task (Magill & Hall, 1990) and thus, the retention and transfer of learning effects were significantly higher in multi-task practice as compared to single-task practice (Maslovat et al., 2004) . VaezMousavi et al. (VaezMousavi & Rostami, 2009 ) reported that transfer of learning can occur when learning a single-task (basketball throw), however, it has also been shown in multi-task practice that transfer of learning tends to disappear when tested over multiple sessions (also called extended or delayed trials) (Meira & Tani, 2003; Meira Jr & Tani, 2001; Perez, Meira Jr, & Tani, 2005) .
From the previous studies, it is evident that the transfer of learning is not usually tested for single-task practice and the effect of extended trials on the transfer of learning remains doubtful when practicing a single-task. Moreover, the impact of KR (feedback) is largely ignored, and bimanual tasks have mostly yielded contradictory results in such studies. Thus, the objectives of the present study were to evaluate whether (i) single-task practice of a discrete-bimanual task can facilitate the transfer of learning, (ii) KR (feedback) affects the transfer of learning, and (iii) transfer of learning decrease in extended trials. For the first objective, we utilized a fingertapping task for practice and button-pressing task for the transfer of learning test, whereas for the second objective, one of the groups performed the button-pressing task (test session) with KR (feedback). The third objective was evaluated using multiple sessions for the transfer test.
Methods
The protocol of the study was approved by the local ethics committee of the National University of Sciences and Technology (NUST), Islamabad, Pakistan, in accordance with the Declaration of Helsinki.
Subjects
Fifty-two right-handed healthy university students took part in this study. All subjects included in the study were naive to similar studies and tasks used in the experiment. This was done to remove any bias or individual differences. Before participation, all subjects signed written informed consent. Subjects were instructed to have a good sleep and not take tea or coffee before the experiment. Verbal and written instructions about the tasks were provided to each subject.
The subjects were randomly divided into four groups (n = 13/group), execution with feedback (EF) (age: 25.6 ± 1.2 years, 8 males), execution without feedback (ENF) (age: 24.0 ± 1.2 years, 6 males), imagery (IM) (age: 22.9 ± 2.8 years, 8 males) and control (CTRL) (age: 24.3 ± 2.1 years, 7 males). The EF, ENF and IM groups performed both training and testing tasks, whereas the CTRL group only performed the testing task.
Motor imagery ability
Before the start of the experiment, the IM group filled the Kinesthetic and Visual Imagery (KVIQ-10) questionnaire (Malouin et al., 2007) . The purpose of the questionnaire was to get subjects acquainted with the type of imagery they had to perform. KVIQ-10 questionnaire contained 5 questions for kinesthetic imagery ability. The visual imagery part of the questionnaire was not administered as subjects were instructed to perform only kinesthetic imagery. The subjects were first verbally explained the type of movement to be performed and then demonstrated by the experimenter. Afterward, subjects were instructed to perform the same movement and then imagine the proprioceptive sensation of the movement (kinesthetic imagery; KI). The kinesthetic imagery score was measured on a scale from 1 to 5, where 1 on the scale was equivalent to 'no sensation' and 5 was equivalent to 'as intense as executing the action'. The total score of the questionnaire ranged from 5 to 25. The mean kinesthetic imagery score of the IM group was 13.92 ± 4.13.
Protocol
The experiment was composed of a practice session and a testing session, separated by 15 min. A bimanual finger-tapping task was utilized in the practice session, whereas a bimanual buttonpressing task was used for the transfer test session. Auditory stimuli were provided to mark the start of tasks (finger tap/button press) through earphones. The feedback in the EF group and the stimuli were generated using MATLAB 2012a (MathWorks®, Inc., Natick, MA, USA.) and Psychtoolbox-3 (PTB-3) (Brainard & Vision, 1997) . The required movements were recorded at a sampling rate of 1000 Hz using a pulse transducer (MLT1010/D, AD Instruments, Australia), a push button (MLA92/D, AD Instruments, Australia) and two custom made resistive touch sensors, connected to PowerLab 26T (AD Instruments, Australia). The data was recorded in realtime using LabChart (v7.3.7, AD Instruments, Australia). The number of correct trials in the transfer test was scored manually by visual inspection of the data in LabChart.
Tasks

Training
The training sessions were performed by the EF, ENF and IM groups. For training, the fingertapping task was adopted from a previous study (Shakeel, Ahmad, Navid, Mahroo, & Anwar, 2017) . Subjects sat on a chair 0.6 m away from a computer screen. Subjects were required to perform bimanual finger tapping in 2:1 frequency with index fingers on a resistive touch sensor fixed on the table. The 2:1 tapping frequency specified simultaneous tapping of index fingers of both hands for one tap, followed by tapping of the index finger of the non-dominant (left) hand. The dominant (right) index finger was held static at peak upward position during left index finger tapping. The left side of the diagonal line in Figure 1 gives an overview of the training session.
The training had 14 sessions with 60 trials per session. There was a 1-minute break between each session. A 1 kHz auditory stimulus for 300 ms was presented that marked the start of every session. Afterward, 400ms long low frequency (300 Hz) and high frequency (800 Hz) auditory stimuli were given alternatively. The time between any two stimuli was 700-800 ms for the EF and ENF groups, and 1050-1150 ms for the IM group. The interval was kept larger for IM group than the execution groups to ensure that the subjects completed each imagery trial, as there was no data being recorded. The subjects were required to execute/imagine the tapping of index fingers of both hands on the low frequency stimulus, and tapping of index finger of nondominant hand on the high frequency stimulus.
The ENF group was instructed to perform the tapping as soon as they receive the stimulus, whereas the EF group was required to perform the tapping within the stimulus duration. The EF group received visual feedback on the screen about the response time by a colored bar (a green bar indicated accurate execution and a red bar represented error). A trial was considered correct if the tap was performed before the completion of 400 ms stimulus duration. The IM group was asked to perform the imagery of the tapping before the presentation of next auditory stimulus.
Transfer test
The testing sessions were performed by all groups. For the transfer test, the subjects were required to perform tapping with the index finger of the dominant hand on a pulse transducer fixed on the table along with pressing the push-button twice with the thumb of the non-dominant hand instantly after hearing the auditory stimulus. The subjects were instructed to synchronize their tap with the second press of the button. The right side of the diagonal line in Figure 1 gives an overview of a testing session.
The testing was comprised of 7 sessions with 30 trials per session. There was a 1-minute break between sessions. An auditory stimulus of 1 kHz frequency with a duration of 300 ms marked the start of the session. Afterward, 400 ms wide 300 Hz auditory stimuli were generated. The duration between consecutive stimuli was 550-650 ms. The subjects were instructed to execute the movements before the generation of the next auditory stimulus. A trial was considered correct if the movement was completed before the next auditory stimulus.
Statistical Analysis
R version 3.5.1 (Team, 2018) was used to perform statistical analysis. The data are presented as mean ± SD unless otherwise indicated. The statistical significance threshold was set at p < 0.05.
Linear mixed-effect model (LMM) was used to identify whether (a) the groups are different based on the scores obtained in the transfer test (objectives (i) and (ii)), and (b) the scores are different across sessions (objective (iii)). The between-subject variance was estimated using a random intercept in the model. The model was implemented using 'lme4' package (Bates, Mächler, Bolker, & Walker, 2015) version 1.1.18.1 in R using the syntax:
We evaluated the fit of the model using Akaike information criterion corrected (AICc) for small samples, where models were made using gaussian, gamma and poisson distributions. The model with gaussian distribution had the lowest AICc and the most well fitted best-fit line in the fitted vs residual plot, therefore, it was used for further analysis. The package 'emmeans' (Lenth, 2018 ) version 1.2.4 was used for obtaining the contrasts adjusted for multiple comparisons using Tukey's test.
Results
All subjects successfully completed the training and transfer test sessions, and data from all of them were included for analysis. The scores for each subject across all transfer test sessions are plotted in the Figure 2 . There was more variance in the score of CTRL and IM groups compared to EF and ENF group, as can be seen by the distribution of the boxplots.
The LMM showed significant effects of both factors; group ( 2 (3) = 29.39, p < 0.001) and session ( 2 (6) = 407.96, p < 0.001). Table 1 and Table 2 show the effect sizes from the model for groups and sessions, respectively. The pairwise contrasts are given in Table 3 for groups and show that the groups EF, ENF and IM have significantly higher mean scores from the CTRL group, however, there is no difference among themselves. The pairwise contrasts are given in Table 4 for sessions and show that the scores on average increased in each session compared to the previous sessions except for the 4 th , 5 th and 6 th session (compared to their immediate previous session). Figure 3 shows the pairwise contrasts for group and session. Table 5 shows the pairwise comparisons of the groups over each session. By comparing the practice groups EF, ENF, and IM to the CTRL group to test whether the transfer of learning disappears over extended trials, it was found that the practice groups had significant differences over some sessions. There were no differences among the groups EF, ENF, and IM. The ENF group did not show any improved performance compared to the CTRL group in sessions 1, 2, 4, and 6. The performance of group EF was significantly better in most of the sessions whereas the IM group was significantly better than the CTRL group in all sessions.
This study was designed to develop an understanding of the transfer of learning effect in a single-task learning setup by primarily focusing on learning of discrete-bimanual patterns. Moreover, we examined whether KR (feedback) affects transfer of learning, and if the transfer of learning effect disappears in extended trials during single-task practice. Our results showed that single-task practice facilitated the transfer of learning in discrete-bimanual task. All training groups EF, ENF and IM performed significantly better in the transfer test as compared to the CTRL group. However, the feedback did not significantly affect the transfer of learning, since EF, ENF and IM groups showed similar scores. On the other hand, the effect of transfer of learning did not disappear over time.
Learning of finger-tapping task facilitated the performance in transfer test using button-pressing task. Our results are comparable to a previous study, which used a basketball free throw as the single practice task (VaezMousavi & Rostami, 2009) , thus suggesting that transfer of learning effect in applied settings can also be generalized to laboratory settings during single task practice.
The IM group had the highest mean score but was statistically similar to the groups EF and ENF. However, it was significantly better than the CTRL group. These results are also comparable to the findings of (VaezMousavi & Rostami, 2009), in which the imagery group achieved the highest score in comparison to all other groups in retention-and transfer-tests. A possible explanation of the highest mean score of IM group could be the spacing effect (i.e. difference in trial duration between groups) explained in (Richland, Finley, & Bjork, 2004) where random practice group with longer trial duration performed better in transfer test as compared to the random practice group with shorter trial duration. In our study, the trial duration of the IM group was longer as compared to those of the practice groups EF and ENF. Thus, longer duration to respond may have played a role in the IM group obtaining the highest mean score, but this needs to be further investigated. The higher variability in the performance of the IM group can also be a reason for achieving the highest mean score. Thus, we would like to suggest that motor imagery practice during acquisition is likely able to produce superior or similar performance in transfer test as compared to the physical practice, but at the expense of higher variability.
We evaluated if KR (feedback) results in superior performance in the transfer test. We found that the EF group outperformed the CTRL group only. These results are in contrast to the previous studies such as (Del Rey & Shewokis, 1993; Patterson et al., 2013; Russell & Newell, 2007) . Del Rey et al. (Del Rey & Shewokis, 1993) compared the difference of performance in case of full KR (feedback after every trial) and spaced KR (feedback after every 5 or 10 trials), but in our study, we compared the effect of KR or no KR using separate groups (EF and ENF). In Russel et al. (Russell & Newell, 2007) , retention tests also had KR (feedback). This is important to mention, as feedback is not often provided in retention and transfer tests. Patterson et al. (Patterson et al., 2013) did find an effect of KR but the presence and absence of KR were controlled by the subjects. Thus, not having a universally controlled factor could have been a source of bias in the results. A 100% KR (feedback after each trial) is considered to deteriorate retention and transfer performance (Wu et al., 2011) , however, no such effect was observed in our study and there was no difference between groups EF and ENF. The discrete bimanual pattern of 2:1 is considered to make bimanual performance more challenging compared to its reverse arrangement (Semjen, 2002) and it is suggested that complex modes require feedback to be efficiently performed and its absence would decline the performance (Kovacs & Shea, 2011) . However, this was not clearly observable in our study. Although, the group EF performed slightly better than group ENF in all sessions except in session 6, however, the difference is negligible. Thus, we would like to suggest that KR may slightly enhance transfer test performance, but the improvement may not be statistically significant.
This study also aimed to establish a relationship between the effects of learning transfer and the discrete bimanual tasks. From the previous studies that have used continuous bimanual tasks (Maslovat et al., 2004; Pauwels et al., 2014; Tsutsui et al., 1998) and sequential bimanual tasks (Rey et al., 1994) , some have yielded results that did not support the retention and transfer of learning effects (Maslovat et al., 2004; Rey et al., 1994; Tsutsui et al., 1998) . Our study suggests that transfer of learning can occur in discrete-bimanual tasks such as finger-tapping or buttonpressing. However, we used a single task practice design. Further investigation is required, especially in bimanual task-based studies using either single-task or multi-task setting, to generalize the results.
From previous studies, it was expected that the transfer of learning effect dissipates over extended trials (Meira & Tani, 2003; Meira Jr & Tani, 2001; Perez et al., 2005) . The scores in groups EF and IM were significantly better than the CTRL group and the transfer of learning effect did not disappear in extended trials. The scores of the ENF group were overall comparable to the CTRL group and, therefore, the effect of extended trials was not observed. The improvement in the performance of groups EF, ENF, and IM compared to the CTRL group cannot be solely attributed to motor learning because the CTRL group performed an equal number of sessions and trials of the same task. Previous studies (Meira & Tani, 2003; Meira Jr & Tani, 2001; Perez et al., 2005) refer to similar effects when extended or delayed trials are discussed but their measure for the consideration of transfer test trials as extended trials is different. Meira et al. (Meira & Tani, 2003) performed the first transfer test 24 hours after completing the practice and the second transfer test 24 hours after completing first transfer test, and this was considered delayed transfer test (comparable to extended trials). Perez et al. (Perez et al., 2005) also used two transfer tests with a difference of one day between them. However, Meira Jr et al. (Meira Jr & Tani, 2001) considered every increasing block (session) of transfer test trials to be an extended trial. Our study design is comparable to Meira Jr et al. (Meira Jr & Tani, 2001) in the sense that we also considered each increasing block (session) of transfer test trials to be extended trials, however, we found no relation of extended trials with the transfer of learning. Thus, we suggest that the effect of extended trials on the transfer of learning is only observable in a multi-task setting as in the contextual interference effect and not in a single-task setting.
Limitations
We trained subjects using the kinesthetic part of the KVIQ-10 questionnaire, but no empirical measure of motor imagery ability or motor imagery practice was used in the analysis. Furthermore, we increased the trial duration of motor imagery practice trials to ensure that subjects have enough time to complete the trial. To overcome these limitations, EEG can be used as an empirical measure, which can also explain the temporal dynamics of motor imagery leading to a better estimation of the trial duration. Efforts were made to compensate for individual differences as we recruited subjects who were naive to such studies and experimental tasks. Additionally, it was not possible to train the subjects to asymptotic levels before the experiment to remove any bias since the training conditions were different. Finally, the power of the study can be increased by increasing the sample size.
Conclusion
We conclude that single-task practice of a discrete bimanual task can facilitate the learning transfer to a novel task in a laboratory setting. We suggest that motor imagery practice during acquisition can have similar or better performance in transfer test as compared to the physical practice. Furthermore, we found that presence of KR and the extended trials have no impact on learning transfer when practicing a single-task.
Tables. Error bar shows estimated mean score ± 95% CI. (A) The scores across groups (averaged over sessions) showed significant difference between the CTRL and other groups, whereas there were no significant differences among the EF, ENF and IM groups. (B) The scores increased (averaged over groups) significantly from the first session to the last session, except for sessions 4-6 which were not significantly different from their immediate previous session. Abbreviations: (group) CTRL = Control, ENF = Execute without feedback, EF = Execute with feedback, IM = Imagery.
